Introduction: To assess the efficacy and safety of the subcutaneous (s.c.) secukinumab 150 mg with loading (150 mg) or without loading (150 mg no-load) regimen through 104 weeks in patients with active psoriatic arthritis (PsA) in the FUTURE 4 (NCT02294227) study. Methods: Patients with PsA (N = 341) were randomized to s.c. secukinumab 150 mg, 150 mg no-load or placebo at baseline, weeks 1, 2, 3 and every 4 weeks thereafter. All placebo
INTRODUCTION
Psoriatic arthritis, a chronic inflammatory disease that affects the peripheral and axial joints, entheses and skin, is often associated with impaired physical function and poor quality of life [1] . The prevalence of psoriatic arthritis ranges from 5% to 40% among patients with psoriasis [2] . Psoriatic arthritis can be effectively managed by targeting reduction of articular pain, enthesitis, structural damage, disability and dermatologic symptoms [3] [4] [5] [6] .
According to the American College of Rheumatology (ACR) 2018 treatment guidelines, the first-line therapy in treatment-naïve patients with psoriatic arthritis is anti-tumor necrosis factor (TNF) agents. However, an interleukin (IL)-17A inhibitor may be used in patients with active psoriatic arthritis having severe psoriasis and in patients for whom anti-TNF agents are contraindicated [7] . While anti-TNF agents are effective for treating patients with both psoriasis and psoriatic arthritis, a substantial number of patients report inadequate response and/or poor tolerability to these agents [8] .
Secukinumab, a human monoclonal antibody that directly inhibits IL-17A, has demonstrated significant and sustained long-term improvement in the signs and symptoms of active psoriatic arthritis in several phase 3 trials [9] [10] [11] [12] [13] . In these studies, subcutaneous (s.c.) secukinumab 150 mg (approved dose), following either intravenous (i.v.) or s.c. loading, has demonstrated sustained efficacy and safety up to 5 years [14] . Results from the secukinumab phase 3 studies have shown that secukinumab 300 mg is associated with greater efficacy compared with the 150 mg dose for some patients with psoriatic arthritis, particularly for patients with more severe psoriasis and for patients with a previous inadequate response to anti-TNF therapy [9, 12, 13, 15] . Therefore, an escalation of dose from secukinumab 150 mg s.c. to 300 mg s.c. every 4 weeks, based on the physician's judgment, was implemented in ongoing phase 3 trials. FUTURE 4 (NCT02294227) is a phase 3 study that explores the efficacy and overall safety of subcutaneous (s.c.) secukinumab 150 mg administered with (hereafter referred as secukinumab 150 mg load) or without loading (hereafter referred as secukinumab 150 mg noload) through 2 years. Patients in this study were allowed to have their dose escalated from secukinumab 150 to 300 mg based on physician's judgment, and data for these patients are also presented.
METHODS
FUTURE 4 is a multicenter, randomized, doubleblind, parallel-group, placebo-controlled 2-year study (104 weeks), conducted at 58 centers in 13 countries (Australia, Belgium, Bulgaria, Canada, Czech Republic, France, Germany, Italy, Poland, Russian Federation, Sweden, UK, USA). The study was done in accordance with the principles delineated in Declaration of Helsinki as revised in Brazil in 2013 [16] . All centers received approval from an independent ethics committee or institutional review board (Supplementary Table S1 ), and all enrolled patients provided written informed consent before starting the study-related procedures.
Following a screening period of up to 10 weeks, interactive response technology was used to randomly assign 341 eligible patients in a 1:1:1 ratio to one of the three treatment groups:
(1) Secukinumab 150 mg load at weeks 0, 1, 2 and 3 followed by dosing every 4 weeks starting at week 4; (2) Secukinumab 150 mg no-load received secukinumab treatment at baseline and placebo at weeks 1, 2 and 3 followed by secukinumab dosing every 4 weeks from week 4; (3) Placebo patients followed the same regime (placebo at weeks 0, 1, 2, 3, 4, 8, 12) and received secukinumab 150 mg s.c. without loading regimen from either week 16 (for placebo non-responders) or week 24 (for placebo responders), with patients being classified as responders when they had C 20% improvement from baseline in tender and swollen joint counts (Supplementary Figure S1 ).
Randomization was stratified by anti-TNF status [anti-TNF-naïve and anti-TNF-inadequate response or intolerance to these agents (IR)] as pre-specified with no less than 65% of randomized patients planned to be anti-TNF naïve.
Following a protocol amendment patients were allowed to have their 150 mg dose escalated to the 300 mg dose based on physician's judgment, starting at week 36. Post escalation, a dose of secukinumab 300 mg was administered as two single s.c. injections of secukinumab 150 mg; patients were not allowed to switch to lower doses once the dose had been escalated.
Patients
The key inclusion criteria were patients of either sex aged C 18 years who met the ClASsification criteria for Psoriatic ARthritis (CASPAR) and had active disease (defined as C 3 tender joints out of 78 and C 3 swollen joints out of 76 at baseline), despite previous treatment with NSAIDs plus/minus conventional/biologic DMARDs were included. Patients who had previously used up to three anti-TNF agents at an approved dose for at least 3 months could enroll if they had an inadequate response or had stopped treatment because of safety or tolerability reasons (anti-TNF-IR) after an appropriate washout period prior to randomization. Patients on prescribed NSAIDs were required to be on a stable dose for at least 2 weeks before randomization and were required to remain on a stable dose up to week 24. Patients could continue to receive the following medications at a stable dose for at least 2 weeks: prednisone or equivalent (B 10 mg/day); methotrexate (B 25 mg/week).
Key exclusion criteria included patients with previous exposure to secukinumab or any other biologic drug directly targeting the IL-17 or IL-17 receptor. Also excluded were patients with active infection in the 2 weeks before randomization or those with a history of ongoing, chronic or recurrent infections, or evidence of tuberculosis infection or with active inflammatory diseases other than psoriatic arthritis. Patients with a history of malignant disease within the past 5 years (excluding basal cell carcinoma or actinic keratoses, in situ cervical cancer or non-invasive malignant colon polyps) and those having chest X-ray/magnetic resonance imaging (MRI) with evidence of an ongoing infectious or malignant process, obtained within 3 months prior to screening, were also excluded.
Outcomes
The primary efficacy end point was the proportion of patients achieving ACR20 response at week 16 with secukinumab versus placebo. Secondary end points were assessed as part of a predefined hierarchical hypothesis-testing strategy at week 16 with secukinumab versus placebo and included change from baseline in the 28-joint Disease Activity Score including levels of C-reactive protein (DAS28-CRP), Psoriasis Area Severity Index 75 (PASI 75) response in patients with psoriasis affecting C 3% body surface area, change from baseline in the physical component summary score of the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36 PCS score), ACR50 response and ACR20 response at week 4. Overall safety and tolerability was also assessed.
Pre-specified exploratory end points included assessment of ACR70 responses, PASI 90 responses, change from baseline in Health Assessment Questionnaire-Disability Index (HAQ-DI) score and Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F), minimal disease activity (MDA) responses and resolution of dactylitis and enthesitis at week 16, 52 and 104, subgroup analyses of ACR20/50 responses by previous anti-TNF therapy status and comparison between the secukinumab regimens up to week 16 for all the primary and secondary end points. In addition, the primary and secondary end points were also assessed at week 52 and 104.
ACR and PASI responses were also evaluated pre-and post-escalation (12-16, 20- The overall safety and tolerability were assessed by monitoring frequency of adverse events (AEs), laboratory abnormalities, electrocardiogram findings and vital signs. Biochemical investigations were classified according to the Common Terminology Criteria for Adverse Events (version 4).
Statistical Analysis
A sequential hierarchical testing method was used to maintain the family-wise type 1 error rate at 5% across the primary and ranked secondary end points. If the primary efficacy analysis was significant, secondary analyses were completed in the following sequence: DAS-28-CRP, PASI 75, SF36-PCS and ACR50 at week 16.
The primary end point, ACR20 at week 16, was analyzed by logistic regression with treatment and anti-TNF status as a factor and weight as a covariate. Missing values were imputed as non-responders. Efficacy data for secukinumab 150 mg load and no-load regimens are reported for originally randomized patients after application of non-responder imputation to missing binary variables and a mixed-effect model repeated measures for continuous variables until week 52, and as observed through week 104.
After protocol amendment, starting as early as week 36, the secukinumab 150 mg load and no-load groups included all the patients who had their dose escalated from 150 to 300 mg. Post-escalation data are presented as Sankey plots.
Safety analysis included all patients who received C 1 dose of secukinumab, and data are presented as exposure-adjusted incidence rates (EAIR) per 100 patient-years over the entire treatment period. Safety results are presented for any secukinumab 150 mg and 300 mg group. Any secukinumab 150 mg included all patients who were originally randomized to secukinumab 150 mg and placebo-switchers at week 16 or 24. Any secukinumab 300 mg group included patients who had their dose escalated from secukinumab 150 to 300 mg during the study. For those patients who had their dose escalated, safety data were summarized separately based on the actual treatment received before and after dose escalation.
RESULTS

Patient Disposition
Of the 341 originally randomized patients, 288 (84.5%) and 272 (79.8%) completed 52 and 104 weeks of treatment, respectively. A total of 78.1% and 77.9% patients originally randomized to secukinumab 150 mg load and no-load, respectively, completed 2 years of treatment ( Fig. 1 ). Seven patients in the placebo arm discontinued the study before week 16 and therefore did not switch to secukinumab treatment. In the 62 patients (18.6%) who discontinued the study before week 104, the most common reason for discontinuation was lack of efficacy (29 patients, 8.7%).
Demographic and baseline characteristics were comparable across the treatment groups; mean time since diagnosis of psoriatic arthritis ranged from 5.6 to 6.8 years (Table 1) . Approximately one quarter of the patients had received prior anti-TNF therapy; approximately half of the patients were receiving concomitant methotrexate.
Efficacy
Short-Term Efficacy
The primary end point of the study was met (Fig. 2i) . At week 16, the ACR20 response rate using the conservative estimate of efficacy with missing values imputed as non-response was significantly higher with secukinumab 150 mg (41.2%) and secukinumab 150 mg no-load (39.8%) versus placebo (18.4%; adjusted P value = 0.0003 for both treatment arms). All secondary end points in the testing hierarchy were met for both 150 mg load and 150 mg noload regimens compared with placebo, with the exception of ACR20 response at week 4 ( Table 2 ). Earlier and numerically higher responses were observed for the load versus noload secukinumab group at week 16 for some of the clinically relevant difficult-to-achieve (higher hurdle) end points (ACR50, PASI 90 and MDA) (Fig. 2ii, Table 2 ). Both secukinumab regimens improved ACR70, PASI 90 and MDA responses and change from baseline in FACIT-F score versus placebo; secukinumab no-load regimen improved HAQ-DI and resolution of Fig. 1 Patient disposition through week 104. The secukinumab groups received the 150 mg loading dose weekly at weeks 0, 1, 2 and 3, followed by a maintenance dose q4w starting at week 4 or s.c. secukinumab 150 mg without loading dose at baseline (with placebo doses at weeks 1, 2 and 3) followed by q4w dosing starting at week 4. Placebo was given on the same dosing schedule as the loading regimen, and all placebo patients were switched to s.c. secukinumab 150 mg q4w at week 16 or 24 depending on the patient responder status as evaluated at week 16. N is the number of randomized patients; *77 patients classed as placebo non-responders and 30 patients classed as placebo responders at week 16 received active treatment from week 16 and 24, respectively. Other than a death mentioned in the figure that occurred during the treatment period, one patient died during the follow-up period in the secukinumab 150 mg no-load group who was escalated to the secukinumab 300 mg dose. q4w every 4 weeks, s.c. subcutaneous enthesitis also. There was no statistical difference between two secukinumab regimens for all the primary and secondary end points at week 16.
Long-Term Efficacy
Improvements in ACR20 response rates in the secukinumab 150 mg load (60.5%) and no-load (57.5%) groups were sustained through week 52 (Fig. 2i) . Improvements in other efficacy end points were also sustained or further improved through 52 weeks (Fig. 2ii , iii and Table 2 ); improvements were also sustained or further improved in all end points with secukinumab at week 104 (Supplementary Table S2 ).
Results by Subgroup Analysis
Both secukinumab treatment regimens improved ACR20 and ACR50 responses at week 16 compared with placebo in anti-TNF-naïve patients (Supplementary Figure S2) . ACR20 response rates at week 52 in anti-TNF-naïve patients were 65.5% and 62.8% with 150 mg and 150 mg no-load regimens, respectively; corresponding rates in anti-TNF-IR patients were 44.4% and 40.7%, respectively. ACR50 response rates at week 52 in anti-TNF-naïve patients were 44.8% and 39.5% with 150 mg and 150 mg no-load regimen, respectively.
Earlier and numerically higher ACR20/50 responses were observed for the secukinumab 150 mg versus 150 mg no-load in both anti-TNF-naïve and anti-TNF-IR patients with this trend generally persisting over 52 weeks (Supplementary Figure S2 ).
Dose Escalation Results
A total of 15 patients escalated from secukinumab 150 to 300 mg dose between week 36 to 52, and 136 patients escalated between week 52 to 104. After dose escalation, the proportion of 
Safety
Over the entire treatment period, the mean [± SD] exposure to any secukinumab 300 mg (n = 136) and 150 mg (n = 334) was 278 ± 90.46 and 501.2 ± 193.05 days, respectively. The exposure-adjusted incidence rates (EAIR) (per 100 patient-years) of AEs by primary system organ class in any secukinumab 300 mg and 150 mg group were 226.4 (n = 103) and 211.9 (n = 285), respectively, over the entire treatment period. The AE with the highest EAIR was nasopharyngitis (n = 21/86, EAIR = 23.4/ 23.3 in any secukinumab group 300/150 mg group, respectively) ( Table 3) .
Inflammatory bowel disease was reported in one patients each in the any secukinumab 300/150 mg group. Malignant or unspecified tumors including basal cell carcinoma and squamous cell carcinoma were reported in two (one each with malignant melanoma and basal cell carcinoma) and seven (one each with chronic lymphocytic leukemia, malignant melanoma, breast cancer, papillary thyroid cancer, prostate cancer, squamous cell carcinoma and undifferentiated sarcoma) patients in the any secukinumab 300 mg and 150 mg group, respectively. Confirmed major adverse cardiac events (MACE) cases were reported in three patients in the any secukinumab 150 mg dose group (cardiovascular death and two events of myocardial infarction) and one patient in the any secukinumab 300 mg dose group (stroke). Candida infections (high level term) were reported in three and ten patients in the any secukinumab 300 mg and 150 mg group, respectively, during the entire treatment period. No cases of uveitis were reported.
The EAIRs for treatment-emergent non-fatal serious adverse events (SAEs) during the entire treatment period were similar in the any secukinumab 150 mg group (n = 47, IR 11.1) compared with the 300 mg group (n = 12, IR 12.0). According to primary system organ class, the most common SAEs in the any secukinumab dose group during the entire treatment period were infections and infestations (IR 1.9/2.0 for 300/150 mg group), neoplasms benign, malignant and unspecified (including cysts and polyps) (IR 2.9/1.8 for 300/150 mg group), injury, poisoning and procedural complications (IR 1.9/1.5), musculoskeletal and connective tissue disorders (IR 0/2.0 for 300/150 mg group) and vascular disorders (IR 1.0/0.9 for 300/150 mg group).
There were two deaths during the entire treatment period (one patient in each of the any 150 mg and any 300 mg secukinumab groups) ( Table 3) . One patient in the any secukinumab 300 mg group experienced worsening of preexisting interstitial lung disease during the follow-up period, which was reported as the primary cause of death. Another patient in the Fig. 3 i ACR and ii PASI responses before and after dose escalation. Pre-escalation is defined as the last assessment done on or before the patient was administered the 300 mg dose; patients with both pre-and all post-dose escalation assessment data available are included in the analysis; non-responders are considered in the dose escalation subset; PASI responses are reported only in patients with at least 3% body surface area affected with psoriasis at baseline. Colors flowing in the background indicate the proportion of patients changing the response over time. M is the number of patients evaluated (M = 96/56 for ACR/PASI). Overall, 136 patients were escalated to secukinumab 300 mg: 46 in secukinumab 150 mg load; 45 in secukinumab no-load; 45 in placeboswitchers 150 mg load arm experienced myocardial infarction as a severe SAE, which was considered the primary cause of death. None of the SAEs in either deaths was considered by the investigator to be related to the study drug.
DISCUSSION
This randomized, double-blind, placebo-controlled phase 3 multicenter study of s.c. secukinumab 150 mg, with and without a loading regimen, assessed the efficacy, safety and tolerability in patients with active psoriatic arthritis over 104 weeks. The treatment regimens were well balanced with respect to demographics, disease history and baseline characteristics. The majority of patients enrolled at baseline remained in the study for 2 years, reflecting a high retention rate of 79.8%. The most common AEs are reported as the preferred terms from the Medical Dictionary for Regulatory Activities and occurred at an incidence of at least 5 per 100 patient-years in the pooled secukinumab group during the entire treatment period
The primary end point was met by both secukinumab treatment regimens (150 mg s.c. and 150 mg s.c. no-load), demonstrating a significantly higher ACR20 response with secukinumab compared with placebo at week 16. Both secukinumab 150 mg and 150 mg no-load regimens improved other clinically important end points including DAS28-CRP, PASI 75, SF-36 PCS, ACR50, ACR70, PASI 90, MDA, FACITFatigue and HAQ-DI response and resolution of enthesitis and dactylitis through 2 years. The results of this study are in agreement with those reported in four other phase 3 studies with secukinumab, which also showed rapid, significant and sustained improvements in the signs and symptoms of psoriatic arthritis with secukinumab 150 mg [9] [10] [11] [12] [13] .
In general, the efficacy responses with secukinumab 150 mg observed in the present study were lower than the responses observed in previous studies with no obvious explanation other than inter-study variation. Earlier and higher responses were observed with the secukinumab 150 mg compared with the 150 mg no-load regimen for some higher hurdle end points including ACR50, PASI 90 and MDA.
Improvements in ACR20 and ACR50 responses with secukinumab through 52 weeks were demonstrated in both the anti-TNF-naïve and anti-TNF-IR subgroups. Responses were higher in anti-TNF-naïve patients compared with anti-TNF-IR patients, which is consistent with the results of previous secukinumab studies [9, [11] [12] [13] 15] . Earlier and higher ACR50/70 responses were observed with the secukinumab 150 mg compared with the 150 mg no-load regimen with this trend persisting over 52 weeks.
Patients who escalated from secukinumab 150 to 300 mg beginning at week 36 had improved ACR and PASI responses within 12--16 weeks. These responses were more pronounced in patients with low response levels at the time of dose escalation. Higher hurdle ACR end points (ACR50 or ACR70) were achieved by greater proportions of patients at 12-16 and 20-24 weeks after dose escalation compared with pre-escalation, with almost a twofold increase in each of these responses at 20--24 weeks post-escalation. Nearly three-quarters of patients in the analysis achieved PASI 75 and PASI 90 responses at 12-16 and 20-24 weeks after dose escalation compared with approximately half of the patients before dose escalation, suggesting a more pronounced highhurdle PASI response following escalation from 150 to 300 mg. The dose escalation results are similar to those observed in FUTURE 1 and 2 studies [14, 17] . These results suggest that dose escalation to 300 mg may be an option for patients with a sub-optimal response to secukinumab 150 mg.
The safety profile of secukinumab was consistent with previous reports from phase 3 studies of secukinumab in patients with active psoriatic arthritis [9, 11-14, 17, 18] . The types, severity, nature and incidence of AEs with secukinumab at week 104 were similar to those already reported in other FUTURE studies, and with no apparent relationship with dose of secukinumab.
There are some limitations to the study. This trial was not designed to identify a difference between doses. The long-term efficacy and safety of secukinumab compared with placebo could not be determined, as patients on placebo had to be given rescue medication after a short period because of ethical considerations and study design. This was, however, consistent with clinical trials of other biologic agents.
CONCLUSION
In summary, secukinumab 150 mg s.c. administered as load or no-load regimen provided rapid and sustained improvements across multiple clinical domains of psoriatic arthritis with improvements sustained through 2 years. Patients receiving the loading regimen achieved an earlier and higher level of responses than those who received the no-load regimen for some higher hurdle clinical end points. Improved efficacy in patients whose dose was escalated from 150 to 300 mg was observed across end points assessing both skin and arthritic components of psoriatic arthritis. The safety profile of secukinumab showed no new or unexpected safety signals.
Compliance with Ethics Guidelines. The study was done in accordance with the principles delineated in Declaration of Helsinki as revised in Brazil in 2013 [16] . All centers received approval from an independent ethics committee or institutional review board (Supplementary Table S1 ), and all enrolled patients provided written informed consent before starting the study-related procedures.
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